A New Approach for Video Steganography Based on Randomization and Parallelization  by Sudeepa K.B.,  et al.
 Procedia Computer Science  78 ( 2016 )  483 – 490 
Available online at www.sciencedirect.com
1877-0509 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the ICISP2015
doi: 10.1016/j.procs.2016.02.092 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ,QIRUPDWLRQ6HFXULW\DQG3ULYDF\,&,63'HFHPEHU
1DJSXU,1',$
$1HZ$SSURDFKIRU9LGHR6WHJDQRJUDSK\%DVHGRQ
5DQGRPL]DWLRQDQG3DUDOOHOL]DWLRQ
6XGHHSD.%D5DMX.D5DQMDQ.XPDU+6D*DQHVK$LWKDOE
aNMAMIT,Nitte,Karkala taluk,Udupi,574110,India 
bMITE, Moodbidre,Mangalore,574225,India 
$EVWUDFW
7R VHFXUH LQIRUPDWLRQ GLIIHUHQW WHFKQLTXHV KDYH EHHQ HYROYHG 2QH RI WKHP LV VWHJDQRJUDSK\ ZKLFK LV DQ DUW RI KLGLQJ
LQIRUPDWLRQZLWKLQRWKHULQIRUPDWLRQVXFKWKDWWKHUHLVQRGHWHFWDEOHFKDQJHLQFRYHULQIRUPDWLRQ,QWKLVSDSHUZHKDYHSURYLGHG
VHFXULW\ IRU LQIRUPDWLRQ OLNH WH[WLPDJHV XVLQJ WKH FRQFHSW RI YLGHR VWHJDQRJUDSK\ FU\SWRJUDSK\ UDQGRPL]DWLRQ DQG
SDUDOOHOL]DWLRQ$VHFUHWLQIRUPDWLRQWREHKLGGHQLVHQFU\SWHGXVLQJDNH\DQGDIUDPHLVVHOHFWHGUDQGRPO\XVLQJ)HHG%DFN6KLIW
5HJLVWHU )65 ZKLFK DYRLGV UHSHWLWLRQ 'DWD LV HPEHGGHG LQ UDQGRPO\ VHOHFWHG IUDPH 7KH HQWLUH SURFHVV RI (QFU\SWLRQ RU
'HFU\SWLRQDQG(PEHGGLQJRU([WUDFWLRQLVSDUDOOHOL]HG

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH,&,63
Keywords: 6WHJDQRJUDSK\)HHGEDFN6KLIW5HJLVWHU&U\SWRJUDSK\9LGHRIUDPH/6%
,QWURGXFWLRQ
7KHUDSLGJURZWKRIKLJKVSHHGFRPPXQLFDWLRQQHWZRUNWHFKQRORJ\KDVPDGHWUDQVPLVVLRQRILQIRUPDWLRQYHU\
HDV\,QIRUPDWLRQLVZHDOWKRIDQ\RUJDQL]DWLRQZKLFKQHHGVWRWUDQVPLWVHFXUHO\WKURXJKLQVHFXUHWUDQVPLVVLRQ

&RUUHVSRQGLQJDXWKRU7HO
  E-mail address: VXGHHSD#QLWWHHGXLQ

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the ICISP2015
484   Sudeepa K.B. et al. /  Procedia Computer Science  78 ( 2016 )  483 – 490 
6WHJDQRJUDSK\SUHYHQWVGLVFRYHU\RIWKHH[LVWHQFHRIVHFUHWLQIRUPDWLRQEXWLIWKDWH[LVWHQFHLVSUHVXPSWLYHHDVLO\
VHFUHWFDQEHH[WUDFWHG&U\SWRJUDSK\DQG6WHJDQRJUDSK\DUHPRVWSRSXODUWHFKQLTXHVXVLQJZKLFKVHFXULW\FDQEH
DFKLHYHG&U\SWRJUDSK\ LV WKH DUW RI WUDQVIRUPLQJ D VHFUHW VXFK WKDW WKH WUDQVIRUPHG VHFUHW LV QRW XQGHUVWDQGDEOH
ZLWKRXWGHFLSKHULQJLW
6WHJDQRJUDSK\ LV WKH DUWRIKLGLQJ VHFUHW LQIRUPDWLRQ LQVLGH FDUULHU LQIRUPDWLRQ HDVLO\ VHFUHW FDQEH H[WUDFWHG
&U\SWRJUDSK\ SUHYHQWV DQ XQDXWKRUL]HG SDUW\ IURP GLVFRYHULQJ WKH FRQWHQWV RI D VHFUHW EXW JLYHV FOXH DERXW LWV
H[LVWHQFH ,Q WKLV SDSHUZH KDYH XVHG WKH FRPELQDWLRQ RI VWHJDQRJUDSK\ DQG FU\SWRJUDSK\:KHQZH SURFHVV LW
VHTXHQWLDOO\ LI WKH VHFUHW LQIRUPDWLRQ QHHGV WR EH WUDQVPLWWHG LV YHU\ KXJH WKDQ HPEHGGLQJ  H[WUDFWLRQ DQG
HQFU\SWLRQGHFU\SWLQJSURFHVVHVPD\WDNHPRUHWLPH6RWKHVHSURFHVVHVDUHFDUULHGRXWVLPXOWDQHRXVO\XVLQJWKH
FRQFHSW RI SDUDOOHOL]DWLRQ 6R HQFU\SWLRQHPEHGGLQJ DQG GHFU\SWLRQH[WUDFWLRQ DUH SURFHVVHG SDUDOOHO DOVR HDFK
LQGLYLGXDOVFDQEHSURFHVVHG7KHWLPHFRQVXPSWLRQFDQEHUHGXFHGGUDVWLFDOO\

7KHVHFXULW\LVHQKDQFHGE\XVLQJVWHJDQRJUDSK\7KHLQIRUPDWLRQLVWREHHPEHGGHGLQWKLVZLOOEHHQFU\SWHG
ILUVWDVVKRZQLQILJ7KLVDVVXUHVKLJKVHFXULW\VLQFHWKHUHDUHWZRVWDJHV
L (QFU\SWLRQ
LL 6WHJDQRJUDSK\

)LJ&RPELQDWLRQ6WHJDQRJUDSK\DQG&U\SWRJUDSK\
5HVWRIWKHSDSHULVRUJDQL]HGDVIROORZV6HFWLRQGLVFXVVHVWKHOLWHUDWXUHVWXG\6HFWLRQSUHVHQWVWKHSURSRVHG
DOJRULWKPDQGGHVFULEHVWKHHQFRGLQJDQGGHFRGLQJSURFHVVHV6HFWLRQGHPRQVWUDWHVWKHH[SHULPHQWDOUHVXOWVDQG
GLVFXVVLRQV6HFWLRQFRQFOXGHVWKHSDSHU
/LWHUDWXUH5HYLHZ
9LGHR 6WHJDQRJUDSK\ LV D UHODWLYHO\ QHZ VWHJDQRJUDSKLF PHGLXP WKHUH KDYH EHHQ VRPH LQWHUHVWLQJ VFKHPHV
SURSRVHGZKLFKHQFRGHLQIRUPDWLRQLQPXOWLSOHGRPDLQVRIYLGHRVHTXHQFHV0XQDVLQJKHHWDOSURSRVHGDPHWKRG
WRKLGHDYLGHR LQDYLVXDO ILOH LQZKLFK/6%/HDVW VLJQLILFDQW%LWRIHDFKE\WHRI WKHFDUULHU ILOH LVFKDQJHG WR
HPEHG WKHFRQILGHQWLDOGDWD7KHPHWKRGRQO\FKDQJHV WKH/6% WKHUHZLOOQRWEHDQ\ LQFUHDVH LQ WKH VL]HRI WKH
FDUULHU ILOH7KXV WKH H[LVWHQFHRI WKHPHVVDJH FDQQRWEHGHWHFWHG6HFXULW\ LV QRW SURYLGHG WR FDUULHUGDWDZKLOH
WUDQVPLWWLQJ LQ LQVHFXUHFKDQQHO0ULWKDHWDO WULHG WR LPSURYH WKHVHFXULW\E\ LQWURGXFLQJDVHTXHQWLDOHQFRGLQJ
DQGGHFRGLQJEDVHGVWHJDQRJUDSK\+HUHWKHVHFUHWGDWDLVHPEHGGHGLQWRWKHFRYHUPHGLXPXVLQJDVHFUHWNH\DQG
VDPHNH\ LVXVHGE\ WKHGHFRGHU WRH[WUDFW WKHKLGGHQGDWD 7KHDGYDQWDJHRI WKLV PHWKRG LV WKDW LW LV VLPSOH WR
LPSOHPHQW7KHGUDZEDFNRIWKHSURSRVHGPHWKRGLVOHVVVHFXULW\DQGLWFDQEHXVHGRQO\IRU%LWPDSLPDJHV
7KHSUREOHPRIµOHVVVHFXULW\¶LVDWWHPSWHGWRRYHUFRPHE\+DPG\HWDOE\SURSRVLQJVWHJDQRJUDSK\DOJRULWKP
EDVHGRQFRORXUKLVWRJUDPVIRUGDWDHPEHGGLQJLQWR9LGHRFOLSVGLUHFWO\7KHDXWKRUVFODLPHGWKHSURSRVHGPHWKRG
JLYHV KLJKHU VHFXULW\ DQG UHVLVWDQFH DJDLQVW H[WUDFWLRQ E\ DWWDFNHUV E\ HPEHGGLQJ LPDJH UDQGRPO\ %DVHG RQ
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QXPEHURIRQH¶VSUHVHQWLQ06%SDUWRIHDFKSL[HOLQYLGHRIUDPHHLWKHUVHFUHWELWRUVHFUHWELWRUVHFUHWELWLV
KLGGHQ WR WKH  /6% SDUW RI WKH SL[HO%XW VLQFH VRPH VWUXFWXUH LV IROORZHG IRU GDWD HPEHGGLQJ WKH DOJRULWKP LV
YXOQHUDEOHIRUDWWDFNVLHE\H[DPLQLQJWKH06%SDUWRIHDFKSL[HOFOHDUO\DWWDFNHUFDQH[WUDFWWKHVHFUHWELWVDQG
GLIILFXOWWRH[WUDFWEDFNWKHELWV

7KHSUREOHPRIVHFXULW\ LQVWHJDQRJUDSK\ LVDJDLQDWWHPSWHG WRVROYHE\%DODMLHWDODQGKHSURSRVHGDYLGHR
VWHJDQRJUDSK\PHWKRGZKLFKFUHDWHVDQLQGH[IRUWKHVHFUHWLQIRUPDWLRQDQGWKHLQGH[LVSODFHGLQDIUDPHRIWKH
YLGHRLWVHOI8VLQJWKLVLQGH[WKHIUDPHVFRQWDLQLQJWKHVHFUHWLQIRUPDWLRQDUHORFDWHG+HQFHGXULQJWKHH[WUDFWLRQ
SURFHVV LQVWHDGRIDQDO\]LQJ WKHHQWLUHYLGHR WKH IUDPHVFRQWDLQLQJ WKHVHFUHWGDWDDUHDQDO\]HGZLWK WKHKHOSRI
LQGH[DWWKHUHFHLYLQJHQG7KHLQGH[LQIRUPDWLRQLVSODFHGLQWKHHTXLGLVWDQWSODFHVLQWKHIUDPHZKLFKPHDQVWKH
WUDQVPLWWHGVWHJRYLGHRFDUULHVLQGH[LQIRUPDWLRQWRRFOHDUO\DVHFXULW\risk

7KHSUREOHPVRIVHFXULW\DQGKLJKYROXPHRIGDWDHPEHGGLQJDUHRYHUFRPHE\3RRMDHWDOXVLQJDQHZYLGHR
VWHJDQRJUDSK\DOJRULWKPZKLFKKLGHVDVHFUHWYLGHRVWUHDPLQFRYHUYLGHRVWUHDP(DFKIUDPHRIVHFUHWYLGHRZLOO
EHEURNHQLQWRLQGLYLGXDOFRPSRQHQWVWKHQFRQYHUWHGLQWRELWELQDU\YDOXHVDQGHQFU\SWHGXVLQJ;25ZLWKVHFUHW
NH\ DQG HQFU\SWHG IUDPHVZLOO EH KLGGHQ LQ WKH OHDVW VLJQLILFDQW ELW RI HDFK IUDPHVXVLQJ VHTXHQWLDO HQFRGLQJRI
&RYHUYLGHR7KHSUREOHPRIWKLVDSSURDFKLVWKHWLPHWDNHQWRJHQHUDWHVWHJRYLGHRLVYHU\KLJKVLQFHVHTXHQWLDO
PHWKRGLVXVHG

5HKDQDHWDOSURSRVHGD/6%EDVHGYLGHRVWHJDQRJUDSK\ZKLFKXVHVJHQHWLFDOJRULWKPDQGYLVXDOFU\SWRJUDSK\
IRU VHFXUHG GDWD KLGLQJ DQG WUDQVPLVVLRQ RYHU QHWZRUNV7KLV DSSURDFK XVHV WKH JHQHWLF DOJRULWKP WR VKXIIOH WKH
SL[HOORFDWLRQRIWKHVWHJRLPDJHDQGYLVXDOFU\SWRJUDSK\WRFUHDWHWKHVKDUHV$OWKRXJKWKLVDSSURDFKJLYHVEHWWHU
VHFXULW\ VLQFH YLVXDO FU\SWRJUDSK\ LV XVHG LW VXIIHUV IURP WKH UHTXLUHPHQW WR UHSUHVHQW HYHU\ SL[HO ZLWKLQ WKH
RULJLQDOIUDPHE\PXOWLSOHSL[HOVLQHYHU\VKDUHOHDGLQJWRDFRQWUDVWGHWRULDWLRQSUREOHPFDOOHG‘pixel expansion’
3URSRVHG0HWKRG
7KLVVHFWLRQSURSRVHVDQDOJRULWKPZKLFKFRPELQHVWKHFRQFHSWRI5DQGRPL]DWLRQ6WHJDQRJUDSK\6\PPHWULF
HQFU\SWLRQDQG3DUDOOHOL]DWLRQ7KHDUFKLWHFWXUHRIWKHSURSRVHGDSSURDFKLVVKRZQLQILJ7KHSURSRVHGDOJRULWKP
WDNHVELQDU\HTXLYDOHQWRIVHFUHW LQIRUPDWLRQ.H\DQGFRYHUYLGHRDV LQSXW7KHDOJRULWKPKDV WRJR WKURXJK WKH
IROORZLQJSKDVHV













)LJ3URSRVHG$UFKLWHFWXUH
486   Sudeepa K.B. et al. /  Procedia Computer Science  78 ( 2016 )  483 – 490 
3.1 Random selection of frames.
7KH ILUVWSKDVHRIDOJRULWKP LQYROYHVVHOHFWLQJ IUDPHVRIFRYHUYLGHRUDQGRPO\ LQZKLFKVHFUHW LQIRUPDWLRQ LV
HPEHGGHG:H XVHG )65ZKLFK JHQHUDWHV SVHXGR UDQGRP QXPEHUVZLWKLQ D JLYHQ UDQJH WKDW DUH XVHG DV IUDPH
LQGLFHVLQZKLFKWKHGDWDKDVWREHHPEHGGHG,QFDVHRIUHSHWLWLRQRIVDPHQXPEHULQ)65LWZLOOEHUHMHFWHGXQWLOWR
JHWDQHZQRQUHSHWLWLYHQXPEHU/HWXVDVVXPHWKHUDQJHRIWKHUDQGRPQXPEHUVDVµP¶DQGLQLWLDOVHHGYDOXHVZLWK
SRO\QRPLDORI[[[ZLWKDIHHGEDFNRI[[PRGP7KLVPHWKRGLVDVVKRZQLQWDEOH

3.2 Parallelization of encryption and embedding. 
,Q VHFWLRQ  WKH LQIRUPDWLRQ WR EH HPEHGGHG LV WDNHQ IRU SURFHVVLQJ 7KLV SURFHVV LQFOXGHV WKH GLYLVLRQ RI
LQIRUPDWLRQ LQWR HTXDO SDUWV ZKLFK LV FRQYHQLHQW IRU WKUHDGLQJ SURFHVV RI HQFU\SWLRQ DQG HPEHGGLQJ 7KH
HQFU\SWLRQ RI WKLV GLYLGHG GDWD LV SURFHVVHG LQ SDUDOOHO WKLV IROORZV WKH HPEHGGLQJ SDUDOOHO SURFHVVLQJ )RU
HPEHGGLQJWKHIUDPHVDUHVXSSOLHGE\WKHSUHYLRXVPHWKRGH[SODLQHGLQVHFWLRQ7KHVFKHPDWLFEORFNGLDJUDP
LVVKRZQLQILJXUH

7DEOH351*HQHUDWLRQXVLQJ)65
351JHQHUDWHG 9DOXH 9DOXH 9DOXH
 [ [ [
[ [ [ 
[ [ [ [[P [ [[P
   
[P [P [P [P [P[PP

3.2.1 Encryption 

7KH WKUHDGRIHQFU\SWLRQSURFHVV WDNHVDEORFNRIGLYLGHGGDWD7KLVGDWD LV;25HGZLWKDJLYHQVLQJOHVHFUHW
NH\7KLVLVDQHQFU\SWHGGDWDZKLFKLVVKRZQLQVKRZQLQ)LJD

3.2.2 Embedding 

$ FRPPRQ DQG VLPSOH/6% LQVHUWLRQ DSSURDFK LV XVHG IRU HPEHGGLQJ WKH LQIRUPDWLRQ LQ FRYHU IUDPH 7KH
LQGLYLGXDOWKUHDGVLQWKLVSURFHVVHPEHGDOUHDG\HQFU\SWHGLQIRUPDWLRQLQ/6%RISL[HO¶VIUDPH)LJDVKRZVWKH
HQFRGLQJDOJRULWKPRIWKHSURSRVHGV\VWHP

3.3 Parallelization of Decryption and Extraction 
'HFRGLQJSURFHVVWDNHVVWHJRYLGHRDVLQSXW)RUH[WUDFWLRQWKHIUDPHVDUHVXSSOLHGE\WKHSUHYLRXVPHWKRG
H[SODLQHG LQ VHFWLRQZLWK WKHVDPH LQLWLDO VHHGYDOXHV7KHH[WUDFWLRQRI WKHHQFU\SWHGGDWD LVSURFHVVHG LQ
SDUDOOHO WKLV IROORZV WKH GHFU\SWLRQ SDUDOOHO SURFHVVLQJ 7KH VFKHPDWLF EORFN GLDJUDP LV VKRZQ LQ ILJXUH
)LJXUHEVKRZV'HFU\SWLRQRSHUDWLRQDQGILJXUHEVXPPDUL]HVWKHPHWKRGRORJ\RIGHFRGLQJ

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
)LJ(QFRGLQJ3DUDOOHOL]DWLRQ3URFHVV

Input: Video file, Secret information for embedding and extraction, 
Encryption key,Seed value for FSR. 
Output:Stego-video
Step 1: The secret information is read and content is equally divided 
into ‘m’ parts for encryption. 
Step 2:  The frames are selected randomly using FSR for embedding 
the information and encrypted using constant secret key. 
Step 3: 5DQGRPO\VHOHFWHGIUDPHVDUHHPEHGGHGE\WKHLQIRUPDWLRQ
XVLQJ/6%PHWKRG

Input: Stego-video, Encryption key, Seed value for FSR. 
Output: Secret information. 
Step 1: The stego-video is read and the frames containing the secret 
information are identified by generating the frame numbers using 
FSR. 
Step 2: The embedded information is extracted from the random 
frames and decrypted. 
Step 3:  The Chunks of decrypted information is combined back to 
get the secret information. 
)LJD(QFU\SWLRQDQG(PEHGGLQJ0HWKRGRORJ\E'HFU\SWLRQDQG([WUDFWLRQ0HWKRGRORJ\
               a. Encryption                                                               b.  Decryption
Secret information:   01101101                                    Transformed value:         10111000 
                                                                                                   
          Secret Key :     11010101                                               Secret Key:           11010101 
Transformed Value: 10111000                                        Secret Information:      01101101 
)LJD(QFU\SWLRQ2SHUDWLRQE'HFU\SWLRQ2SHUDWLRQ
488   Sudeepa K.B. et al. /  Procedia Computer Science  78 ( 2016 )  483 – 490 



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








5HVXOWDQG$QDO\VLV
)RUWHVWLQJWKHSURSRVHGPHWKRG$9,XQFRPSUHVVHGYLGHRVWUHDPµ+¶RIIUDPHVLQZKLFKHDFKIUDPHVL]HLV
îSL[HOVDQGWH[WLQIRUPDWLRQWREHHQFU\SWHGDQGHPEHGGHGDUHXVHG7KHVL]HRIWH[WLQIRUPDWLRQLVYDULHG
IURPFKDUDFWHUVWRFKDUDFWHUV)RXUWKUHDGVDUHXVHGWRSDUDOOHOL]HWKHSURFHVVHV)LJXUHVKRZVWKH)65
351*VHTXHQFH








)RUH[DPSOHLIWKHVL]HRIWH[WLQIRUPDWLRQLVFKDUDFWHUVHDFKWKUHDGHQFU\SWVDQGHPEHGVFKDUDFWHUV
VLQFH WKHUH DUH  WKUHDGV DQG HDFK WKUHDG QHHGV H[DFWO\  IUDPH IRU HPEHGGLQJ WKH WH[W LQIRUPDWLRQ 7RWDOO\ 
UDQGRPIUDPHVQHHGVWREHVHOHFWHGLHE\VHHLQJWKHILJXUHWKHIUDPHVVHOHFWHGDUHDQGLQZKLFKWKH
HQFU\SWHGLQIRUPDWLRQLVHPEHGGHG,IWKHVL]HRIWH[WLQIRUPDWLRQLVLQFUHDVHGWRFKDUDFWHUVWKDQHDFKWKUHDG
HQFU\SWV DQG HPEHGV  FKDUDFWHUV DQG HDFK WKUHDGQHHGV  IUDPHV WR HPEHG WKH WH[W LQIRUPDWLRQ7RWDOO\ 
UDQGRPIUDPHVQHHGVWREHVHOHFWHGLHE\VHHLQJWKHILJXUHWKHIUDPHVVHOHFWHGDUHDQG
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)LJ'HFRGLQJ3DUDOOHOL]DWLRQSURFHVV

)LJ)65H[DPSOHZLWKVHHGYDOXHZKLFKJHQHUDWHVSVHXGRUDQGRPQXPEHUZLWKLQ
D E
  
)LJ9LVXDO&RPSDULVRQRIWKHVHOHFWHGIUDPHEHIRUHDQGDIWHUHPEHGGLQJGDWDDRULJLQDOIUDPHEVWHJRIUDPH
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4.1 Throughput 

7KURXJKSXW REWDLQHG E\ SDUDOOHO DQG VHULDO PHWKRGV IRU HQFRGLQJ DQG GHFRGLQJ SURFHVVHV DUH DQDO\]HG DQG
H[SHULPHQWDOUHVXOWVVKRZHGGUDVWLFLPSURYHPHQWLQSDUDOOHOL]LQJWKHUHVSHFWLYHSURFHVVHV)LJXUHDQGVKRZV
WKH FRPSDULVRQV RI VHTXHQWLDO DQG SDUDOOHO SURFHVVLQJ IRU HQFRGLQJ DQG GHFRGLQJ UHVSHFWLYHO\ 3DUDOOHOL]DWLRQ RI
WKHVHSURFHVVHV UHGXFHV WKH WLPH UHTXLUHG IRU HQFRGLQJ DQGGHFRGLQJ LQ YHU\ VLJQLILFDQWPDQQHU7KH WKURXJKSXW
REWDLQHGLVGLUHFWO\SURSRUWLRQDO WR WKHQXPEHURIFKDUDFWHUV LHDV WKHQXPEHURIFKDUDFWHUV LQFUHDVHV WKURXJKSXW
REWDLQHGIURPSDUDOOHOL]DWLRQDOVRLQFUHDVHVZKLFKLVHYLGHQWIURPWKHILJXUH
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
)LJ  &RPSDULVRQ RI VHTXHQWLDO DQG SDUDOOHO HQFU\SWLRQ DQG HPEHGGLQJ SURFHVVHV XVLQJ  WKUHDGV E\ YDU\LQJ WKH VL]H RI WH[W
LQIRUPDWLRQIURPFKDUDFWHUVWRFKDUDFWHUVDJDLQVWWKHWLPHRIHQFU\SWLRQDQGHPEHGGLQJ
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
)LJ&RPSDULVRQRIVHTXHQWLDODQGSDUDOOHOGHFU\SWLRQDQGH[WUDFWLRQSURFHVVHVXVLQJWKUHDGVE\YDU\LQJWKHVL]HRI
WH[WLQIRUPDWLRQIURPFKDUDFWHUVWRFKDUDFWHUVDJDLQVWWKHWLPHRIHQFU\SWLRQDQGHPEHGGLQJ
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&RQFOXVLRQ
,QWKLVSDSHUDQDOJRULWKPIRUYLGHRVWHJDQRJUDSK\LVGHVLJQHGEDVHGRQ/6%PHWKRGDQGDGGLWLRQRIV\PPHWULF
HQFU\SWLRQ WHFKQLTXH DQG SDUDOOHOL]DWLRQ 7KH VHFUHW LQIRUPDWLRQ LV HPEHGGHG LQ UDQGRP IUDPHV XVLQJ )65 7KH
DGYDQWDJHRIWKHDSSURDFKLVLWWDNHVOHVVFRPSXWDWLRQDOWLPHIRUHQFU\SWLRQHPEHGGLQJDQGH[WUDFWLQJGHFU\SWLQJ
WKH GDWD 5HVXOWV DOVR VKRZHG UHPDUNDEOH JURZWK LQ SHUIRUPDQFH 6LQFH DV WKH VL]H RI LQSXW DOVR LQFUHDVHV
WKURXJKSXWDOVRLQFUHDVHLWFDQEHXVHGIRUHQFRGLQJKLJKYROXPHRIGDWD7KHDOJRULWKPFDQEHXVHGWRHQFRGHWH[W
DQGLPDJHLQIRUPDWLRQDQGFDQEHH[WHQGHGIXUWKHUWRHPEHGYLGHRLQIRUPDWLRQLQWRYLGHRFRYHUPHGLXP)XUWKHU
WKLVFDQEHXVHGIRUUHDOWLPHSURFHVVLQJRIGDWDVLQFHLWLVYHU\IDVWEHFDXVHRISDUDOOHOL]DWLRQ
5HIHUHQFHV
$0XQDVLQJKH$QXMD'KDUPDUDWQHDQG.DVXQ'H=R\VD³9LGHR6WHJDQRJUDSK\´,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHV LQ,&7IRU
(PHUJLQJ5HJLRQV,&7HUS±
0ULWKD5DPDOLQJDPDQG1RU$VKLGL0DW,VD³$6WHJDQRJUDSK\DSSURDFKIRUVHTXHQWLDOGDWDHQFRGLQJDQGGHFRGLQJLQYLGHRLPDJHV´,(((
,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWHU&RQWURO,QIRUPDWLFVDQG,WV$SSOLFDWLRQ,&,1$S
 +DPG\ 0 .HODVK 2VDPD ) $EGHO :DKDE 2VDPD $ (OVKDNDQNLU\ DQG +DOD 6 (OVD\HG ³+LGLQJ 'DWD LQ 9LGHR 6HTXHQFHV 8VLQJ
6WHJDQRJUDSK\$OJRULWKPV´,(((,QWHUQDWLRQDO&RQIHUHQFHRQ,&7&RQYHUJHQFH,&7&S±
 5%DODML DQG*1DYHHQ³6HFXUH'DWD7UDQVPLVVLRQ8VLQJ9LGHR6WHJDQRJUDSK\´ ,(((,QWHUQDWLRQDO&RQIHUHQFHRQ(OHFWUR,QIRUPDWLRQ
7HFKQRORJ\(,7S
 3RRMD <DGDY 1LVKFKRO0LVKUD DQG 6DQMHHY 6KDUPD ³$ 6HFXUH 9LGHR 6WHJDQRJUDSK\ZLWK (QFU\SWLRQ EDVHG RQ /6% 7HFKQLTXH´ ,(((
,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWDWLRQDO,QWHOOLJHQFHDQG&RPSXWLQJ5HVHDUFK,&&,&S
 5HKDQD %HJXP 5' DQG 6KDUD\X 3UDGHHS ³%HVW $SSURDFK )RU /6% %DVHG 9LGHR 6WHJDQRJUDSK\ 8VLQJ *HQHWLF $OJRULWKP $QG 9LVXDO
&U\SWRJUDSK\)RU6HFXUHG'DWD+LGLQJ$QG7UDQVPLVVLRQ2YHU1HWZRUNV´,QWHUQDWLRQDO-RXUQDORI$GYDQFHG5HVHDUFKLQ&RPSXWHU6FLHQFH
DQG6RIWZDUH(QJLQHHULQJS
0XNHVK*DUJDQG$3*XUXGHY-DQJUD³$Q2YHUYLHZRI'LIIHUHQW7\SHRI'DWD+LGLQJ6FKHPHLQ,PDJHXVLQJ6WHJDQRJUDSKLF7HFKQLTXHV´
,QWHUQDWLRQDO-RXUQDORI$GYDQFHG5HVHDUFKLQ&RPSXWHU6FLHQFHDQG6RIWZDUH(QJLQHHULQJS
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)LJ7KURXJKSXWLPSURYHPHQWLQHQFU\SWLRQDQGHPEHGGLQJDVWKHVL]HRIWH[WLQIRUPDWLRQLQFUHDVHVVSHHGXSLQHQFU\SWLRQDQG
HPEHGGLQJLQFUHDVHGIURPVHFRQGVIRUFKDUDFWHUVWRVHFRQGVIRUFKDUDFWHUV
